EKD1 (16p11.2-q12.1), EKD2 (16q13-q22.1), and EKD3. In 2011, genome-wide linkage analyses confirmed proline-rich transmembrane protein 2 (PRRT2) as the causative gene of PKD due to its overlapping location to EKD1/EKD2 region. [2] [3] [4] [5] [6] [7] [8] [9] [10] During the past 6 years, a deluge of scientific articles have been published concerning the genetic and clinical features of PKD, and papers continue to appear reporting the progress in neurobiology and neurophysiology. [11] [12] [13] Appropriate anticonvulsant treatment, such as carbamazepine, has led to many of these patients controlling attacks successfully. [3, 5] However, in some patients, the motor episodes could be elicited not only by voluntary movements but also by emotional stress. Under the condition of psychological burden, motor attacks of patients may get worsened with longer duration and higher frequency. [5] It was hypothesized that PKD patients had worse mental health and poorer quality of life than normal people, as well as that both psychological burden and clinical manifestations might contribute to a low level of quality of life. This study aimed to determine the psychological properties and quality of life in PKD patients using Symptom Check List-90-Revised (SCL-90-R) and World Health Organization Quality of Life-100 (WHOQoL-100) questionnaires, and disentangle the incidence of depression and anxiety in our patients using Self-Rating Depression Scale (SDS) and Self-Rating Anxiety Scale (SAS).
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Participants
The present study was carried out on a total of 195 patients diagnosed as primary PKD between August 2008 and October 2016 in Rui Jin Hospital. The diagnosis of PKD was established according to Bruno's criteria: (1) identified trigger for the attacks (sudden movements); (2) short duration of attacks (<1 min); (3) lack of loss of consciousness or pain during attacks; (4) antiepileptic drug responsiveness; (5) exclusion of other organic diseases; and (6) age at onset between 1 and 20 years if there is no family history (age at onset may be applied less stringently in those with a family history). [1] One hundred and eighty-six questionnaires were collected, of which 21 questionnaires were excluded due to incomplete information. Finally, a total of 165 valid questionnaires (information integrity >95%) were statistically analyzed.
Questionnaire
Symptom Check List-90-Revised questionnaire The Chinese version of SCL-90-R questionnaire was a 90-item symptom inventory designed to screen for a broad range of psychological problems. [14] The questionnaire measured the symptoms that the study participants experienced in the past 7 days. The participant rated each item on a 5-point scale of distress, from "1 (not at all)" to "5 (extremely serious)". The nine primary symptom dimensions were labeled as somatization, obsessive-compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism. The Global Severity Index (GSI), which represents the average severity score of all 90 items on the questionnaire, was considered a reliable measure of psychological distress. [14] [15] [16] To analyze the participants' scores, results were compared with Chinese normative data taken from literature. [17] World Health Organization Quality of Life-100 questionnaire Health-related quality of life was assessed with the Chinese version of WHOQoL-100, [18] which was a 100-item self-administered questionnaire designed for completion by patients alone. It consists of seven domains: physical, psychological, independence, social relationship, environment, spiritual, and general quality of life. These domains contained 25 facets; each facet included four items which pertained to the general quality of life value. Each of the facets was summed and each item contributes equally to the facet score and the domain score. Higher scores in WHOQoL-100 reflected a better quality of life. [19] To analyze the patients' scores, the results were compared with reported Chinese normative data. [20] Self-Rating Depression Scale The SDS was a 20-item self-rated scale, with each item scored on a 4-point scale (1: never or rarely, 2: some of the time, 3: frequently, and 4: most of the time). The SDS screens for and measures the severity of psychological and somatic symptoms of depression. Ten questions involve the assessment of increasing depression levels and ten questions involve decreasing depression levels. The scores were used to define four categories of depression severity: within the normal range or no significant psychopathology (<53 points), presence of mild depression levels (53-62 points), moderate depression levels (63-72 points), and presence of severe depression (>72 points). Depression symptoms were indicated by a total index score ≥53, according to the Chinese normative data. [21] Self-Rating Anxiety Scale The SAS measured the anxiety-related symptoms in the physicians which was developed in 1971 to assess the severity of anxiety. The SAS questionnaire includes 20 items, with each item scored on a 4-point scale (1: never or rarely 2: some of the time, 3: frequently, and 4: most of the time). Fifteen questions involve the assessment of increasing anxiety levels and five questions involve decreasing anxiety levels. The minimum raw score was 20 and the maximum raw score was 80; the integer part was retained to generate the index score (range, 25-100). In addition, the scores were used to define four categories of anxiety severity: within the normal range or no significant psychopathology (<50 points), presence of mild anxiety levels (50-60 points), moderate levels (61-70 points), and presence of severe anxiety (>70 points). Anxiety symptoms were indicated by a total index score ≥50, according to the Chinese normative data. [22] 
Statistical analysis
Statistical analysis was performed with SPSS software, version 16.0 (SPSS Inc., Chicago, IL, USA). Continuous data were given as mean ± standard deviation (SD). Differences of SCL-90-R and WHOQoL-100 scores between patients and Chinese normal population were evaluated by means of the unpaired Student's t-test.
Correlational analysis proceeded in two steps. First, we used univariate linear regression to assess the relationships between PKD clinical characteristics (age of onset, family history, attack duration, type of PKD, anticonvulsant treatment, and spontaneous remission), mental health symptoms (scores of somatization, obsessive-compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism in SCL-90-R), and quality of life (total WHOQoL-100 score). Second, multivariate linear regression was further fitted using a step-wise variable selection method, which entered PKD clinical characteristics (age of onset, family history, attack duration, type of PKD, anticonvulsant treatment, and spontaneous remission) and mental health symptoms (scores of nine SCL-90-R subscales) with P > 0.05 and removes any variables added previously that had fallen below the P -removal threshold (0.10). All tests were two tailed, and the level of statistical significance was set at P < 0.05. Patients' accordance with the score classification of depression (SDS) and anxiety (SAS) were calculated as percentage of variable degrees.
results
Patients
One hundred and sixty-five patients with PKD, including 138 males and 27 females, were recruited. Mean age of the participants was 24.2 ± 6.3 years (range, 11-48 years). One hundred and forty-nine participants (90.3%) had completed high school and 38 (23.0%) of them were married. The number of patients from rural and urban areas was 26 (15.8%) and 139 (84.2%), respectively. The mean age at onset of PKD was 12.9 ± 3.5 years (range, 3-27 years). A total of 109 (66.1%) patients presented with pure PKD and 56 (33.9%) with complicated PKD. Ninety-two (55.8%) patients required anticonvulsant treatment, including 67 patients with carbamazepine, 19 patients with oxcarbazepine, and six patients with other anticonvulsants (valproate, phenobarbital, and topiramate). A total of 45 (27.3%) patients reported complete or partial remission of PKD, and mean age at remission was 25.3 ± 4.2 years. The demographic characteristics of these 165 patients were all summarized in Table 1 .
In the present study, 109 (66.1%) patients had more than one visit of the doctor before finally diagnosed as PKD. Of these, 26 patients had been misdiagnosed as psychogenic dyskinesia or hysteria (15.8%), 23 as epilepsy (13.9%), 17 as idiopathic dystonia (10.3%), and 43 without identified diagnosis (26.1%). Ninety-three (56.4%) patients initially obtained the knowledge of PKD from network, 42 (25.5%) from health professionals, and 31 (18.8%) from members of "Paroxysmal Kinesigenic Dyskinesia Home" (an online community and support group composed of Chinese PKD patients). For our patients, the mean time taken from the onset to finally accurate diagnosis was 8 years, ranging from 0 to 33 years. Outpatient interviews also found that 78 (47.3%) participants did not know about the prognosis and genetic features of the disease.
Mental symptoms and quality of life
We compared PKD patients with Chinese normative data in SCL-90-R and WHOQoL-100 scores. As shown in Table 2 , patients with PKD scored significantly higher (worse) across all of the SCL-90-R subscales (somatization, obsessive-compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, psychoticism, and GSI) than the normative Chinese population (P = 0.000 for all). [17] The patients also showed significantly lower (worse) scores of WHOQoL-100 than normative data [20] in physical domain, psychological domain, independence domain, social relationship domain, and general quality of life (P = 0.000 for all). However, scores of environmental domain and spiritual domain did not differ significantly between PKD patients and the normative data (P = 0.096 and P = 0.133, respectively). [20] dystonic or choreoathetoid attacks mostly precipitated by sudden movements or change in velocity. [23] In some patients, the motor episodes could also be elicited by emotional stress, and symptoms get worsened with longer duration and/or higher frequency under the condition of psychological burden. [5] PKD is commonly inherited in an autosomal dominant mode. [2, 3] Since 2011, when the first candidate gene PRRT2 was identified, PKD has attracted more and more attention of clinicians and geneticists. [6, 7, 11, 12, [23] [24] [25] [26] However, it was recognized by our clinicians that, in addition, there is impairment of mood or mental health in a high percentage of outpatients with PKD, which could be even more harmful to the quality of life. These mental disorders might occur during the course of the disease and typical examples of nonmotor features of our patients were depression and anxiety.
It was found that more than 2/5 patients had been misdiagnosed when they visited the doctor for the first time, and less than 1/3 patients obtained the initial knowledge of PKD from health professionals. Patients usually spend years or decades going to see doctors around, longing for accurate diagnosis and appropriate treatment. During this progress, over half of the patients would switch to Internet platforms, such as web communities or chat groups composed of wardmate with similar symptoms, for extra help. These evidences underlined the value of the Internet in promoting public understanding of rare disease.
Our data demonstrated that patients with PKD had worse mental health and lower quality of life than normal controls. Moreover, the negative associations in clinical characteristics and mental health symptoms with quality of life were also detected. Specifically, patients with nonremission trend as well as higher score of depression were more likely to report lower levels of quality of life. These findings supported previous studies documenting the effect of mental health on quality of life of patients with other paroxysmal neurological disorders, such as epilepsy and migraine. [27] [28] [29] [30] [31] [32] We found that depression and anxiety were prevalent among PKD patients, and co-occurrence of both is common (more than 1/3). The finding that patients with spontaneous remission (either complete or incomplete) reported higher quality of life than those without remission may reflect greater optimism regarding benign development and alleviation pattern of PKD. [2] However, the change of mental health and quality of life with the development of disease is still unknown. To investigate the relationship or the mechanism between PKD and psychological disorder, further studies will be needed with more participants, longitudinal follow-up, and mental health as a therapeutic target.
Our study suggested that clinicians should be attentive to symptoms of depression and anxiety in PKD. Comprehensive health-care services and interventions should be further enhanced based on both training of clinicians to raise diagnosis rate as well as provision of family-based health education. Moreover, regular mental health interventions could set depression and anxiety as intervention targets. Thus, interventions which encourage patients to participate anticonvulsant treatment, and remission trend) and comorbid psychopathology (somatization, obsessive-compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism) with quality of life (total WHOQoL-100 score). We found that the attack duration was negatively associated with total WHOQoL-100 score (β = −3.4, 95% confidence interval [CI ]: −6.3-−0.4, P = 0.025). Nevertheless, patients with pure PKD scored 10.3 times of total WHOQoL-100 than those with complicated PKD (95% CI: 6.5-14.2, P = 0.000) and patients with spontaneous remission trend scored 5.0 times than those without remission yet (95% CI: 0.2-9.8, P = 0.041). In terms of SCL-90-R, higher (worse) scores in somatization (β = −10.2, 95% CI: −13.5-−6.9, P = 0.000), obsessive-compulsive (β = −9.2, 95% CI: −11.7-−6.7, P = 0.000), interpersonal sensitivity (β = −9.8, 95% CI: −11.9-−7.7, P = 0.000), depression (β = −12.0, 95% CI: −14.3-−9.8, P = 0.000), anxiety (β = −9.3, 95% CI: −11.9-−6.8, P = 0.000), hostility (β = −8.5, 95% CI: −11.0-−5.9, P = 0.000), phobic anxiety (β = −9.8, 95% CI: −12.5-−7.0, P = 0.000), paranoid ideation (β = −8.6, 95% CI: −11.1-−6.2, P = 0.000), and psychoticism (β = −10.7, 95% CI: −13.2-−8.2, P = 0.000) were significantly associated with a lower total score of WHOQoL-100. Other factors, such as age of onset (P = 0.360), family history of PKD (P = 0.179), and anticonvulsant treatment (P = 0.631), were not evidently related to total WHOQoL-100 score.
Multivariate linear regression model (stepwise) was further fitted and the results showed that remission trend (β = 4.7, 95% CI: 1.1-8.4, P = 0.011) and the score of depression (β = 12.0, 95% CI: −14.2-−9.8, P = 0.000) were most significantly affecting the quality of life.
In this study, the percentages of patients with depression and anxiety were 41.2% (68/165) and 26.7% (44/165), respectively. According to the results of SDS and SAS assessment, patients with mild, moderate, and severe depression were 12.7%, 21.8%, and 6.7%, respectively, and the percentages of patients with mild, moderate, and severe anxiety were 17.0%, 8.5%, and 1.2%, respectively [ Table 4 ]. Among the total 83 patients with depression or anxiety, co-occurrence of both mental disorders was 34.9% (29/83).
DisCussion
PKD is the most common subtype of paroxysmal dyskinesia and is considered as a movement disorder defined by in social activities and promote meaningful relationships might be helpful from both a quality of life and development perspective. In addition, improving community-based science popularization program may help increase public's understanding of rare disease, in turn, leading patients to be better integrated in the society. It might be beneficial to establish specialized Internet communication platform for patients' counseling and sharing their experiences and stories. Collectively, to improve general support for PKD patients, many more people should be involved, including PKD patients and their families, neurologists, pediatricians, genetic counselors, psychological counselors, and community workers.
To sum up, we examined nonmotor symptoms, quality of life, and related factors of PKD patients in a large population. While the study population was a single-center convenience sample, more than 90% of the patients evaluated in this hospital were from 14 provinces, representing patients with PKD from across the Chinese mainland. Our results provide the evidence that depression, anxiety, and low levels of quality of life are prevalent in patients with PKD. More importantly, two factors, depression score and nonremission of dyskinesia episodes, were identified to significantly influence the level of quality of life among patients. Considering that the dyskinesia episodes could also be elicited by emotional stress, and that symptoms get worsened when patients experience stress, intervention or treatment of depression and anxiety might improve the motor symptoms of these patients.
This study had limitations common to self-report studies, such as response bias. There was no information on premorbid mental health, social factors (other than marital status, residence, and educational status), all of which might be confounders. Further limitation was the cross-sectional design, which did not allow us to establish the change of mental health disorders and quality of life with the development of disease. Longitudinal follow-up studies with more participants and mental health as a therapeutic target in PKD are needed.
